ABSTRACT -The objective of this work was to evaluate performance, efficiency parameters and phenotypic correlations among measurements of energy efficiency of Nellore cattle selected for post weaning weight and classified according to residual feed intake, calculated by the difference between observed and predicted intake, based on average metabolic body weight and average daily gain. Thus, animals were classified within three groups: high (> mean + 0.5 standard deviation, less efficient); medium (±0.5 standard deviation of the mean); and low (< mean -0.5 standard deviation, more efficient) residual feed intake. No differences were observed at initial and final body weights, average daily gain and dry matter intake among groups. Animals with low residual feed intake also had greater feed efficiency, feed conversion and partial efficiency of growth and did not differ from the other animals regarding to relative growth rate and Kleiber ratio. Residual feed intake was significantly correlated to feed efficiency (-0.25), feed conversion (0.25), partial efficiency of growth (-0.37) and dry matter intake (0.16) but it did not present significant correlation with body weight (0.04), average daily gain (-0.02), relative growth rate (-0.03) and Kleiber ratio (-0.05). Significant correlations were found between feed conversion and initial body weight (0.34) and average daily gain (-0.46). Partial efficiency of growth presented significant correlation with all other efficiency parameters analyzed. Residual feed intake has high potential in productive efficiency, when compared to the other energy efficiency measurements, being independent of growth and size of the animals.
Introduction
Feed efficiency improvement is a major concern in animal production, therefore technological advances have been generated to quantify feed intake by an easy and low cost manner (Basarab et al., 2003) . Residual feed intake is the difference between the expected intake of the animal and what it actually consumes, based on its metabolic weight and average daily gain. Another definition is the selection toll not dependent on growth traits as conversion or feed efficiency (Koch et al., 1963) . This fact has been demonstrated in studies performed with feedlot animals (Arthur et al., 2001) , proving that there are no genetic correlations between residual feed intake and metabolic body weight and average daily gain (-0.06 and -0.04, respectively) . Therefore, no alterations are observed upon the adult size or growth of animals selected for residual feed intake.
After five years of diverging selection, Australian scientists confirmed that the selection of animals for efficiency (low residual feed intake) resulted in a progeny of lower intake and slightly thinner, but the performance was similar to the animals selected for high residual feed intake (Arthur et al., 2008) . However, those results of residual feed intake diverge on age and production system. Herd et al. (2004) observed that initial and final body weight of heifers grazing pasture of medium quality was not associated to intake or residual feed intake. Also, average daily gain tended for a negative association with residual feed intake.
Reports in literature on values of standard deviation for residual feed intake of animals from different breeds or crossbreds (0.74 kg/day - Arthur et al., 2001; 0.82 kg/dayCarstens, et al., 2002; 0.66 kg/day -Basarab et al., 2003;  1.05 kg/day - Almeida et al., 2004; 0.287 kg/day -Castilhos et al., 2010) confirm that intake varies widely among individuals. This variation can be explored by selecting animals that consume less, without altering performance traits. Still, residual feed intake heritability of taurine cattle was classified within low to moderate levels (0.24 -Nkrumah et al., 2007; and 0.21 -Arthur et al., 2001) , then, approximately 33% of the observed variations are mainly due to additive genes and, therefore, can be genetic manipulated. That trait has not been calculated for zebu cattle, yet.
There are not many studies on performance traits and residual feed intake in literature,thus the objective of this work was to report efficiency parameters evaluations and phenotypic correlations among different measurements of energy efficiency of animals selected for post weaning weight and classified according to residual feed intake.
Material and Methods
The experiment was conducted at Centro APTA Bovinos de Corte, Instituto de Zootecnia, Sertãozinho, São Paulo state, Brazil. This region is characterized by a tropical humid climate (21º10', 48º05'), with annual average temperature of 24ºC and average annual precipitation of 1,888 mm.
The breeding program of the Instituto de Zootecnia began in 1976 to enhance post weaning weight, manipulating, within biological boundaries, the equation of the genetic gain with selection based on individual performance (Razook et al., 1997) . Genetic change at post weaning weight is evaluated based on Control Nellore herd (NeC), which was selected to null selection differential whereas Selection Nellore herd (NeS) was selected for higher selection differentials for standardized weight at 378 days of age.
Two experiments were performed in the years 2007 and 2008, respectively, with 26 th and 27 th calf crops of the breeding program. The Feeding Performance Tests of this years were performed with 121 Nellore bulls from the two herds. In the experiment 1 (2007), 60 animals were used (41 from NeS and 19 from NeC herds), and in the experiment 2 (2008), 34 bulls from NeS herd and 27 from NeC, totaling 61 animals.
After weaning, animals were allocated in individual pens for 168 days, being the first 56 days for adaptation to facilities and diet and 112 days for data collection. This period was longer than the ones found in literature for residual feed intake analysis (70 days - Archer et al., 1997) , but when animals from experiment were submitted to the feeding performance test, they received the same treatment of the others.
Diet was composed of brachiaria hay, ground corn, cottonseed meal and mineral salt and were provided twice a day (8:00 a.m. and 3:00 p.m.), ad libitum (Table 1) . Chemical analysis of feed and leftovers were performed in the Laboratório de Bromatologia of Departamento de Melhoramento e Nutrição Animal at Faculdade de Medicina Veterinária e Zootecnia of UNESP, Botucatu Campus.
Weight measurements of all animals were taken every 28 days, after fasting of solid feed (16 hours): the first measure, after acclimation to individual feedlot, represented the initial body weight and the last, at 168 days of experiment, represented the final body weight. Average daily gain was calculated from measurements of weight and number of experimental days.
Voluntary intake of each animal was calculated by the difference between offered feed and leftovers. The leftovers of average metabolic weight and average daily gain (Koch et al., 1963) . According to residual feed intake, cattle was classified as high (> mean + 0.5 standard deviationless efficient), medium (±0.5 standard deviation from mean) and low (< mean -0.5 standard deviation -most efficient).
Feed conversion was calculated as the ratio between dry matter intake and average daily gain and feed efficiency was calculated as the ratio between average daily gain and dry matter intake. Partial efficiency of growth was calculated as the ratio between average daily gain and the difference between average daily dry matter intake and the estimated for maintenance (Arthur et al., 2001) , and dry matter intake for maintenance was obtained from NRC (1996) .
Relative growth rate (RGR) was calculated by the following equation: RGR = 100 × (log FBW -log IBW)/ days of experiment, in which FBW = final body weight and IBW initial body weight (Fitzhugh & Tailor, 1971) . Kleiber ratio was calculated as the ratio between average daily gain and average metabolic body weight (Bergh et al., 1992; Arthur et al., 2001) .
The experimental design used was a completely randomized. The variables year (experiments 1 and 2) and herd (control and selection) were analyzed by using GLM procedure from SAS (SAS, 1999), being not significant (P>0.05) and removed from statistical. Means were compared by the Tukey test at 5% of probability level. Pearson correlations among tested traits were calculated by CORR procedure from SAS (SAS, 1999) .
Results and Discussion
In experiments 1 and 2, respectively, no significant differences were detected for final body weight (298 and 286 kg) and average daily gain (0.830 and 0.820 kg) ( Table 2 ). Initial body weight of the animals from experiment 1 (205 kg) tended to be higher (P = 0.070) than were weighed daily and sampled weekly at 10% of its weight adjusted to keep 5 and 10% of the total feed offered. Four samples composed by leftovers were collected from each animal, according to 28-d interval between weightings and frozen.
Samples of feed and leftovers were previously ovendried (55°C) during 72 hours and grounded using a Wiley mill with a 2 mm screen. Samples of definitive dry matter (DM) were oven-dried at 105°C for 8 hours. Feed samples were analyzed for neutral detergent fiber (Van Soest et al., 1991) and crude protein (Silva & Queiroz, 2002) .
Energy level of feed was calculated as TDN = 0.98 × (100 -NDF cp -CP -ash -EE -1) + 0.93 × CP + 2.25 × EE + 0.75 × (NDF cp -lignin) × [1 -(lignin / NDF cp ) × 0.667] -7 (Weiss, 1992) .
Residual feed intake was calculated as the difference between the observed and expected dry matter intake of the animal, predicted by regression equation as a function those of experiment 2 (194 kg). When experimental herds were closed, animals were very homogeneous in body size and weight gain, parameters relatively constant within the analyzed years. The few differences observed may be explained by the variation of the quality of the roughage in diet. Dry matter intake expressed as kg/day of experiment 1 tended to be higher (P = 0.082) and this can be explained by the different weights of the animals at the beginning of the experiments. When dry matter intake was corrected by body weight and metabolic body weight, no significant differences were observed. Regression equations for dry matter intake prediction obtained from 2007 and 2008 experimental data were: experiment 1: DMI estimated = -1.301 + 2.301 × ADG + 0.092 × BW 0.75 (r 2 = 0.89); experiment 2: DMI estimated = -0.952 + 2.558 × ADG + 0.081 × BW 0.75 (r 2 = 0.89), in which: BW 0.75 = average metabolic body weight (kg) and ADG = average daily gain (kg/day). Average dry matter intake of the experiments was 6.21 kg/day, representing 2.54% of the body weight (Table 3) .
Residual feed intake did not differ between experiments (P>0.05). However, as the animals presented similar weight gains and different dry matter intakes, there were differences in feed conversion and feed efficiency among the years of experiment. In experiment 2, the animals presented greater feed efficiency, partial efficiency of growth and feed conversion (130 vs. 135; 0.32 vs. 0.34; and 7.77 vs. 7.47, respectively) . Mean obtained for residual feed intake was -0.001 ± 0.313 kg/day, with minimum and maximum values of -0.670 and +0.950 kg/day, respectively, confirming the phenotypic variance for this trait in Nellore animals, being the difference of intake between less and more efficient animals 1.620 kg of DM/day.
Relative growth rate and Kleiber ratio did not differ significantly among years of experiment and this indicates that the animals maintained the average weight and weight gain during those years because when these ratios were calculated, these traits were considered. , working with zebu cattle from different origins and compensatory gains, found higher standard deviation for residual feed intake (1.05 kg/day). In this work, the value found for residual feed intake standard deviation was lower (0.313 kg/day), due to homogeneity and the same origin of the animals. Lancaster et al. (2009) observed minimum and maximum values for residual feed intake of -2.46 kg/day and +2.58 kg/day for growing Angus, a much larger amplitude than the one observed in this study. That research was performed with four different experiments, at different times in the year (Summer and Winter of 2004 and 2005) , therefore data tended to a higher dispersion, which may explain that amplitude. Also, the high energy density of the diet (2.59 to 2.88 Mcal of ME/kg) would bring higher digestibility, with higher intake and, therefore, higher variation between the less and more efficient animals.
Animals from Selection Nellore herd (NeS), at a same age, presented higher (P<0.001) initial body weight (212 vs. 178 kg), final body weight (313 vs. 256 kg) and average daily gain (0.898 vs. 0.701 kg/day) than Control Nellore herd (NeC) ( Table 4) .
Selection for weight performed in the animals from Selection Nellore herd provided a difference of approximately 60 kg of body weight at the end of feeding performance test when compared to Control Nellore herd (Mercadante et al., 2004) .
Dry matter intake expressed as kg/day and g/kg BW 0.75 were significantly different (P<0.001) among herds and were higher for Selection Nellore. When expressed in percentage of body weight, no significant differences were detected among herds (P = 0.502). Selection Nellore herd presented better feed conversion (P = 0.011), feed efficiency (P = 0.011), relative growth rate (P = 0.017) and Kleiber ratio (P<0.001) when compared to Control Nellore. Feed conversion seems to be highly influenced by differences at growth and at maturity patterns of different animals while residual feed intake is not (Archer et al., 1999) . Hypothetically, by considering an animal from Selection Nellore herd that presented final body weight of 313 kg and dry matter intake of approximately 748 kg during the period, selected according to daily dry matter intake and feed efficiency, an animal from Control Nellore herd would need an average dry matter intake of 5.47 kg/day or 1054 kg of dry matter intake during the experimental period and also more 81 days in feedlot to achieve that same body weight. This difference represents an intake 30% higher for the non-selected animal showing the higher efficiency of the selected ones.
This result differ from the one presented by Almeida (2005) , in a study with the 12 th , 13 th and 14 th calf crops from the same herds, born in the years of 1992, 1993 and 1994, respectively. In that study, selected animals presented higher initial and final body weight at the feeding performance test, and also higher average daily gain and dry matter intake, while Control Nellore cattle presented higher feed efficiency and lower residual feed intake. Those results show that Control Nellore was more efficient than Selection Nellore herd. That study was not designed to estimate differences on residual feed intake between selected cattle for post weaning weight, therefore the animals were disposed in couples in pens, and observed intake was estimated for each animal. This procedure may have influenced the results.
Among the animals classified as more efficient, with low residual feed intake (Figure 1 ), the observed intake was lower than the predicted for the same performance. Above the line, there are the animals of high residual feed intake (less efficient), with observed intake higher than the predicted. Because no differences were observed among animals from Control Nellore and Selection Nellore herds (P = 0.424), a balance was observed in the data dispersion around the line.
Also, no differences were observed in partial efficiency of growth (P = 0.133) among herds. According to Dittmar III (2007), residual feed intake and partial efficiency of growth include energy requirements for maintenance and production and they are more sensible to variations in the individual energy efficiency of animals. Thus, selection for post weaning weight resulted in larger animals, with higher gain rates, higher dry matter intake and with the same energy efficiency. This indicated that selection applied to the animals in the last 30 years did not alter their energy efficiency which would be expected when considering the growth rates of the herds.
According to Brown (2005) , the requirements for basal metabolism may be influenced by factors such as energy balance, protein level, kind and amount of fiber in diet, Table 4 -Performance traits of Nellore cattle selected for post weaning weight
Means followed by same letter, in lines, do not differ significantly by the Tukey test at 5% of probability.
Figure 1 -Observed and predicted dry matter intake of animals selected for post weaning weight.
activities and fecal excretion of energy. Because animals were fed the same diet, same energy and protein levels and same source of fibers, any increase or decrease of required energy for maintenance would be similar for everyone. Animals were kept in individual pens, under the same conditions of activity, which consisted basically in feeding and resting, therefore no disputes for feed or any other kind of interaction happened, which would result in energy losses. Variations in the feeding patterns could cause differences in energy wastes, just as the fecal excretion, but this data was not analyzed in this study. Animals of high, medium, and low residual feed intake presented similar initial (P = 0.766) and final (P = 0.769) body weight and average daily gain (P = 0.696). The use of linear regression for calculation adjusted residual feed intake for weight and gain, resulting in phenotypic independence of these traits (Table 5) .
Dry matter intakes, as percentage of body weight and g/kg of metabolic body weight, were higher for animals of high and medium intake when compared to those of low residual feed intake (2.60 and 2.57 vs. 2.46; 103 and 101 vs. 97.3, respectively), with no differences in dry matter intake (kg/day) for residual feed intake categories.
Cattle of low residual feed intake (more efficient) consumed less than 0.335 kg/day in DM than medium residual intake animals, and when compared to the animals of high residual intake it was 0.705 kg/day in DM. When a feedlot situation is considered and around 80% of costs are destined for feeding (Basarab et al., 2003) , the identification of the animals which consume less with no impairment to production would bring large reductions of costs to the system. However, no significant differences were observed in DM intake (kg/day) of the animals from both herds (Control Nellore and Selection Nellore) which had different feeding patterns. Almeida et al. (2004) , working with Nellore heifers, but older (26 months of age), noticed that animals of high residual feed intake consumed 26% more than the most efficient cattle, but the average daily gain was the same (1.3 kg/day). Carstens et al. (2002) and Basarab et al. (2003) found differences in dry matter intake between animals of low (21%) and high (12%) residual feed intake. Also, Richardson et al. (2004) verified that the difference of the intake between two groups of animals (less and more efficient) was lower in magnitude (6%).
Genetic variation of feed intake seems to be predominantly, if not totally, explained by differences in energy costs related to maintenance by unit of metabolic size, when differences on rate and composition of weight gain are discounted (Nielsen, 2004) . This has been one of the arguments around residual feed intake. Some authors have suggested that, beyond dry matter intake itself, some intake patterns vary between less and more efficient animals. Golden & Kerley (2004) verified that more efficient animals consumed less feed and spent less time consuming diet (lower mouthful rate a day) than the less efficient animals. Herd et al. (2004) , revising literature on physiological mechanisms related to residual feed intake, concluded that animals of high residual feed intake remained 13% more time in the feeding stalls than those of low residual feed intake. Due to this higher time, higher energy wastes may be added related to apprehension, chewing, rumination of diet, which according to Herd et al. (2004) , represents 5% of the exceeding energy consumed by the less efficient animals compared to those more efficient. Beyond this association among longer time spent with activities related to intake and rumination of animals of high residual feed intake, another important aspect that may be influenced by this behavioral matter is the feed passage rate that may have effect upon diet digestibility. In this study, animals of low residual feed intake were more feed efficient (P = 0.013) than the high ones. This difference of 7% in efficiency is found near the ones observed by Basarab et al. (2003) and Baker et al. (2006) , who found values of 9.4 and 13% respectively, for heifers under diverging selection for residual feed intake.
Performance traits, residual growth rate and Kleiber ratio did not differ among residual feed intake levels. This happened because these rates take into consideration weight, gain and days of experiment, which were similar between less and more efficient animals. Nkrumah et al. (2004) , evaluating efficiency traits, observed that residual growth rate and Kleiber ratio may not identify obvious differences of energy efficiency among animals.
Highly significant correlations (Table 6) were detected between dry matter intake and average daily gain (0.79), initial body weight (0.84) and final body weight (0.93), in accordance to the results found for growing cattle (Carstens et al., 2002; Nkrumah et al., 2007; Lancaster et al., 2009 ) and bulls (Arthur et al., 2001 ).
High and negative correlation was found between dry matter intake and partial efficiency of growth (-0.62), proving that animals which consume more for the same gain are not efficient. This happens because the partial efficiency of growth considers the difference between observed and estimated intake for maintenance, according to NRC (1996) .
Residual feed intake presented low correlation with dry matter intake (0.16) but it was not correlated with body weight (0.04) and average daily gain (-0.02). Lancaster et al. (2009) observed that there is high correlation among residual feed intake and dry matter intake and that residual feed intake is independent of body weight and average daily gain, because the most efficient animals consume 16% less feed than the less efficient ones for the same performance. It has been demonstrated in many studies that residual feed intake is genetically independent of growth and size of growing cattle (Arthur et al., 2001 ) and heifers (Nkrumah et al., 2004) , or presents low genetic correlation to body weight (Herd & Bishop, 2000) .
In this study, correlation between residual feed intake and feed conversion was moderate and positive (0.25) whereas with feed efficiency (-0.25) and partial efficiency of growth (-0.37) it was negative, and no correlation with residual growth rate (-0.03) and Kleiber ratio (-0.05) was found. Partial efficiency of growth was 14% higher for the most efficient animals. Phenotypic correlations between residual feed intake and partial efficiency of growth for growing animals reported by Arthur et al., (2001) and Lancaster et al. (2009) were -0.65, 0.89 and -0.84 , respectively. These results were expected because residual feed intake and partial efficiency of growth lead to the partition of intake requirements for maintenance and production.
The high correlations detected between partial efficiency of growth and feed conversion (-0.68), dry matter intake (0.62) and residual feed intake (-0.37) indicated that animals of low conversion, dry matter intake or residual feed intake may present significant reductions of the energy requirements for maintenance by increasing efficiency of growth upon maintenance. These results corroborate with those reported by Hoque et al. (2009) , who found phenotypic correlation values among partial efficiency of growth and feed conversion, dry matter intake and residual feed intake of 0.32; -0.46 and -0.76, respectively.
However, partial efficiency of growth was highly correlated to initial (-0.44) and final (-0.39) body weight. Therefore, the responses to the selection for partial efficiency of growth may not be so independent from growth and size of the animals such as the ones found in selection for residual feed intake.
Average daily gain was correlated to feed efficiency (0.44), feed conversion (-0.46), relative growth rate (0.48) and Kleiber ratio (0.70), and the best efficiency indices belong to the animals of higher weight gains. The selection based in these indices may result in increasing increases in maintenance requirements of the animals, which will consume more feed, especially when adult size is achieved (Archer et al., 1999) .
Conclusions
Residual feed intake can be used as a tool to identify the most efficient animals. Among the efficiency traits analyzed, the residual feed intake present high potential to enhance productive efficiency without altering animal performance.
